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1
AMPLIFIER CIRCUIT

TECHNICAL FIELD

The present technology relates to an amplifier circuit.
Specifically, the present technology relates to an amplifier
circuit in which an impedance element for passing a direct
current, such as a resistor, 1s connected to a ground terminal
of a transistor.

BACKGROUND ART

In an amplifier circuit, it 1s preferable that a range in
which an output signal i1s linearly amplified (has linearity) 1s
wide relative to an mnput signal. Conventionally, 1n a differ-
ential amplifier, for example, a circuit has been proposed 1n
which cross-coupled transistors are inserted to subtract and
combine a drain current (for example, see Patent Document
1). In this conventional technology, linearity 1s improved by
performing subtraction to form a flat region because of a
characteristic of a transconductance.

CITATION LIST

Patent Document

Patent Document 1: JP H06-026290 B2

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

In the above-described conventional technology, the
cross-coupled transistors are used to subtract and combine a
drain current to form a flat region 1n the characteristic of a
transconductance, thereby improving linearity. However, in
this conventional technology, there 1s a side eflect that gain
1s lowered because a current 1s subtracted. In addition, there
1s a problem that power consumption increases due to a bias
current of the cross-coupled transistors.

The present technology 1s developed 1n view of such a
situation, and an object of the present technology 1s to
improve linearity without lowering gain in an amplifier
circuit.

Solutions to Problems

The present technology has been made to solve the above
problems, and a first aspect of the present technology 1s an
amplifier circuit including: a transistor that amplifies an
input signal; a load connected between the transistor and a
power supply; an impedance element that i1s connected
between the transistor and a ground terminal and passes a
direct current; and a variable current source that 1s connected
to a connection part between the transistor and the imped-
ance element and supplies a current 1n accordance with a
voltage of the connection part. This configuration produces
an eflfect of supplementing characteristics of the transistor by
supplying the current 1n accordance with the voltage of the
connection part.

In addition, in the first aspect, the transistor may be a
MOS transistor that amplifies the input signal input to a gate
and outputs the amplified input signal to a drain, the load
may be connected to the drain of the transistor, the imped-
ance element may be connected to a source of the transistor,
and the variable current source may supply a current in
accordance with a source voltage of the transistor to the
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2

source of the transistor. This configuration produces an
ellect of supplementing characteristics of the MOS transistor
by supplying the current in accordance with the source

voltage.

In addition, 1n the first aspect, the variable current source
may include: an additional transistor having a gate and a
drain connected to the connection part; and a resistor con-
nected between a source of the additional transistor and the
ground terminal.

In addition, 1n the first aspect, the variable current source
may include: an additional transistor having a drain con-
nected to the connection part; a capacitor connected between
the connection part and a gate of the additional transistor; a
resistor having one end connected to the gate of the addi-
tional transistor; and a bias voltage source connected
between another end of the resistor and the ground terminal.

In addition, 1n the first aspect, the variable current source
may supply the current in accordance with the voltage of the
connection part 1n a region where a current supplied by the
transistor starts to saturate relative to the mput signal. This
configuration produces an eflect of supplementing, by sup-
plying the current in accordance with the voltage of the
connection part, characteristics of the transistor in the region
where the current supplied by the transistor starts to saturate.

In addition, 1n the first aspect, the impedance element may
be a resistance element or an inductor element. In addition,
in the first aspect, the load may be a resistance element.

In addition, a second aspect of the present technology 1s
an amplifier circuit including: first and second transistors
that amplily differential input signals; first and second loads
respectively connected between the first and second transis-
tors and a power supply; a current source having one end
connected to a ground terminal; first and second impedance
clements that are respectively connected between the first
and second transistors and another end of the current source
and pass a direct current; a {irst variable current source that
has one end connected to a first connection part between the
first transistor and the first impedance element and supplies
a current 1n accordance with a voltage of the first connection
part, a second variable current source that has one end
connected to a second connection part between the second
transistor and the second impedance element and supplies a
current 1n accordance with a voltage of the second connec-
tion part; a third variable current source that has one end
connected to the first connection part and supplies a current
in accordance with the voltage of the second connection
part; and a fourth variable current source that has one end
connected to the second conmnection part and supplies a
current in accordance with the voltage of the first connection
part. This configuration produces an eflect of supplementing
characteristics of the transistor by supplying the current 1n
accordance with the voltage of each connection part of the
cross-coupled transistors.

In addition, 1n the second aspect, each of the first to fourth
variable current sources may have another end connected to
the another end of the current source. In this case, each of the
first to fourth variable current sources may include: an
additional transistor having a gate and a drain connected to
the connection part; and a resistor connected between a
source of the additional transistor and the another end of the
current source. In addition, each of the first to fourth variable
current sources may include: an additional transistor having
a drain connected to the connection part; a capacitor con-
nected between the connection part and a gate of the
additional transistor; a resistor having one end connected to
the gate of the additional transistor; and a power supply
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connected between another end of the resistor and the
another end of the current source.

In addition, 1n the second aspect, each of the first to fourth
variable current sources may have another end connected to
the ground terminal. In this case, each of the first to fourth
variable current sources may include: an additional transis-
tor having a gate and a drain connected to the connection
part, and a resistor connected between a source of the
additional transistor and the ground terminal. In addition,
cach of the first to fourth variable current sources may
include: an additional transistor having a drain connected to
the connection part; a capacitor connected between the
connection part and a gate of the additional transistor; a
resistor having one end connected to the gate of the addi-
tional transistor; and a power supply connected between
another end of the resistor and the ground terminal.

Eftects of the Invention

According to the present technology, it 1s possible to
obtain an excellent effect that linearity can be improved
without lowering gain 1n an amplifier Note that eflects
described herein are not necessarily limitative, and any of
the eflects described in the present disclosure may be
obtained.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram illustrating a circuit configuration
example of a source degeneration amplifier according to a
first embodiment of the present technology.

FI1G. 2 1s a diagram 1llustrating a first specific example of
a variable current source 140 1n the source degeneration
amplifier according to the first embodiment of the present
technology.

FIG. 3 1s a diagram 1llustrating a second specific example
of the variable current source 140 in the source degeneration
amplifier according to the first embodiment of the present
technology.

FIG. 4 1s a diagram illustrating examples of current
characteristics of a transistor 110 according to the first
embodiment of the present technology.

FIG. 5 1s a diagram 1illustrating a circuit configuration
example of a differential amplifier according to a second
embodiment of the present technology.

FIG. 6 1s a diagram 1llustrating a first specific example of
variable current sources 140, 150, 240, and 250 in the
differential amplifier according to the second embodiment of
the present technology.

FI1G. 7 1s a diagram 1llustrating a second specific example
of the variable current sources 140, 150, 240, and 250 1n the
differential amplifier according to the second embodiment of
the present technology.

FIG. 8 1s a diagram 1illustrating examples of current
characteristics of a transistor 110 according to the second
embodiment of the present technology.

FIG. 9 1s a diagram illustrating a modification of the
differential amplifier according to the second embodiment of
the present technology.

FIG. 10 1s a diagram 1illustrating a first specific example
of the variable current sources 140, 150, 240, and 250 1n the

modification of the differential amplifier according to the
second embodiment of the present technology.
FI1G. 11 1s a diagram illustrating a second specific example

of the variable current sources 140, 150, 240, and 250 1n the
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4

modification of the differential amplifier according to the
second embodiment of the present technology.

MODE FOR CARRYING OUT THE INVENTION

Hereinaiter, a mode for carrying out the present technol-
ogy (herematter referred to as an embodiment) will be
described. The description will be given 1n the following
order.

1. First Embodiment (Example of Source Degeneration
Amplifier)

2. Second Embodiment (Example of D1
fier)

3. Modification

Terential Ampli-

1. First Embodiment

| Circuit Configuration of Source Degeneration Amplifier]

FIG. 1 1s a diagram 1illustrating a circuit configuration
example of a source degeneration amplifier according to a
first embodiment of the present technology.

The source degeneration amplifier 1s an amplifier circuit
that amplifies an 1input voltage Vin. The source degeneration
amplifier includes a transistor 110 (M1), a load resistor 120,
a degeneration resistor 130 (R1), and a vanable current
source 140 (I111).

The transistor 110 1s a metal-oxide-semiconductor (MOS)
transistor. The input voltage Vin 1s input to a gate of the
transistor 110. A drain of the transistor 110 1s connected to
a power supply VDD wvia the load resistor 120. The drain of
the transistor 110 serves as an output of the source degen-
cration amplifier. Note that, although an example using the
MOS ftransistor 1s described here, the present technology can
also be applied to a bipolar transistor. In addition, although
an example 1n which the load resistor 120 1s connected to the
drain of the transistor 110 1s described, an inductor element
may be used as a load instead of the load resistor 120.

In addition, the degeneration resistor 130 1s connected to
a source of the transistor 110. The degeneration resistor 130
1s an 1mpedance element that generates a voltage propor-
tional to the input voltage Vin to the gate of the transistor
110, and 1s used to reduce distortion of gain (gain) as the
amplifier circuit. It 1s known that the degeneration resistor
130 has a characteristic of lowering a transconductance and
Increasing an output resistance.

Note that, 1n a case where a high frequency operation 1s
assumed, an inductor element (coil) may be provided instead
of the degeneration resistor 130 serving as a resistance
clement. Although a loss occurs in the resistance element,
such a loss can be avoided 1n the inductor element. On the
other hand, although an impedance changes 1n the inductor
clement depending on a frequency, a broadband character-
istic can be obtained 1n the resistance element independent
of a frequency. Thus, 1t 1s desirable to appropriately select,
as the impedance element for passing a direct current, the
resistance element or the inductor element. In addition, the
resistance element and the inductor element may be con-
nected 1n parallel.

The variable current source 140 1s a variable current
source that 1s connected to the source of the transistor 110
and supplies a current in accordance with a source voltage
Vsl to the transistor 110. That 1s, the current supplied from
the varniable current source 140 1s controlled by the source
voltage Vsl of the transistor 110.

Note that the load resistor 120 1s an example of a load
described 1n the claims. In addition, the degeneration resistor
130 15 an example of an impedance element described in the
claims.
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FIG. 2 1s a diagram 1illustrating a first specific example of
the variable current source 140 1n the source degeneration
amplifier according to the first embodiment of the present
technology.

The first specific example of the variable current source
140 includes a transistor 141 (M11) and a resistor 142 (R11).

A gate and a drain of the transistor 141 are connected to the
source of the transistor 110. In addition, the resistor 142 1s
connected to a source of the transistor 141. Note that the
transistor 141 1s an example of an additional transistor
described 1n the claims.

A source voltage of the transistor 110 1s input to the gate
of the transistor 141. A source voltage of the transistor 141
1s a voltage of the resistor 142. That 1s, the source voltage of
the transistor 141 1s at a ground level 1n a state where no
current flows through the transistor 141. Then, when a
current flows through the transistor 141, a voltage having a
value obtained by multiplying the current by a resistance
value R11 of the resistor 142 serves as the source voltage of
the transistor 141. As a result, a current 1n accordance with
a gate-source voltage of the transistor 141 tlows to the drain
of the transistor 141 and 1s supplied to the transistor 110.

In this way, 1n the first specific example, a threshold
voltage 1s adjusted by connecting the resistor 142 to the
source of the transistor 141.

FIG. 3 1s a diagram 1llustrating a second specific example
ol the variable current source 140 in the source degeneration
amplifier according to the first embodiment of the present
technology.

The second specific example of the variable current
source 140 includes the transistor 141 (M11), a capacitor
143 (C11), a resistor 144, and a bias voltage source 145. The
drain of the transistor 141 i1s connected to the source of the
transistor 110. In addition, the gate of the transistor 141 1s
connected to the source of the transistor 110 via the capacitor
143. In addition, the gate of the transistor 141 1s connected
to the bias voltage source 145 via the resistor 144.

A class B or class C bias voltage 1s applied to the gate of
the transistor 141 by the bias voltage source 143, and when
a large signal 1s mput, a current starts to tlow through the
gate. In addition, a direct current component of a signal input
to the gate of the transistor 141 1s cut by the capacitor 143.
As a result, a current 1n accordance with a gate-source
voltage of the transistor 141 flows to the drain of the
transistor 141 and is supplied to the transistor 110.

In this way, 1n the second specific example, a threshold
voltage 1s adjusted by connecting the bias voltage source
145 to the gate of the transistor 141 and applying a class B
or class C bias voltage to the gate. Note that the resistor 144
connected to the gate of the transistor 141 has a high
resistance and does not contribute to the adjustment of the
threshold voltage.

[Current Characteristics of Transistor]

FIG. 4 1s a diagram 1illustrating examples of current
characteristics of the transistor 110 according to the first
embodiment of the present technology.

In FIG. 4, a indicates a current characteristic of the
transistor 110 1n a case where the variable current source 140
1s not provided. When the put voltage Vin 1s increased, a
current I driven by the transistor 110 saturates and linearity
deteriorates. Thus, 1n this embodiment, the saturation of the
current characteristic 1s suppressed by connecting the vari-
able current source 140 controlled by the source voltage Vsl
to the source of the transistor 110. When a current of the
transistor 110 increases, the source voltage Vsl increases.
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6

The variable current source 140 1s set to start flowing a
current when the source voltage Vsl exceeds a certain

threshold.

In FIG. 4, b indicates a current characteristic of the
transistor 110 1n a case where the variable current source 140
1s provided. An alternate long and short dash line indicates
a current driven by the transistor 110 1n the case of a of FIG.
4 where the varniable current source 140 1s not provided. In
addition, a dotted line indicates a current driven by the
variable current source 140. Thus, 1n the case where the
variable current source 140 1s provided, both currents are
added, and a current flowing through the transistor 110 1s as
indicated by a solid line.

Here, a transconductance gm 1s indicated in order to
examine linearity of the current characteristics. The
transconductance gm 1s a diflerential value of a current, and
it 1s indicated that a voltage-current characteristic 1s linear 1n
a region where the transconductance gm shows a constant
value. In addition, when the transconductance gm 1s high, 1t
1s 1ndicated that a voltage-current slope becomes steep and
gain 1s high.

In the case where the variable current source 140 1s
provided, even if the mput voltage Vin 1s increased, a current
does not saturate until the input voltage Vin reaches a certain
level, compared with the case where the vanable current
source 140 1s not provided. That 1s, 1t can be seen that a
linear region 1n which a wavetform of the transconductance
om 1s flat expands by causing the current of the variable
current source 140 to start tlowing with the current satura-
tion of the transistor 110. That 1s, 1t 1s possible to increase a
region that i1s linearly driven without reducing gain as an
amplifier circuit.

A current to be tflown by the variable current source 140
1s determined by a manner of saturation of a current driven
only by the transistor 110. In an actual design, conditions
such as a capability of a transistor used and a range of a
voltage used are different. Thus, design options can be
expanded by applying this embodiment.

As described above, according to the first embodiment of
the present technology, it 1s possible to expand a region that
1s linearly driven without lowering gain by connecting the
variable current source 140 to the source of the transistor 110
in the source degeneration amplifier.

2. Second Embodiment

| Circuit Configuration of Differential Amplifier]

FIG. 5 1s a diagram 1illustrating a circuit configuration
example of a differential amplifier according to a second
embodiment of the present technology.

The differential amplifier 1s an amplifier circuit that
combines the source degeneration amplifiers according to
the above-described first embodiment and causes the com-
bined source degeneration amplifiers to perform a differen-
tial operation. That 1s, a voltage obtained by adding an input
voltage Vin to a gate voltage Vg 1s applied to a positive side
transistor 110, and a voltage obtained by subtracting the
input voltage Vin from the gate voltage Vg 1s applied to a
negative side transistor 210.

As 1n the above-described first embodiment, a load resis-
tor 120, a degeneration resistor 130, and a variable current
source 140 are connected to the positive side transistor 110.
In addition, a variable current source 150 (112) 1s connected
in parallel with the variable current source 140. The variable
current source 150 1s connected to tlow a current through a
source of the transistor 110 similarly to the variable current
source 140, but 1s controlled by a source voltage Vs2 of the
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transistor 210. That 1s, the variable current source 150
supplies a current in accordance with the source voltage Vs2
ol the transistor 210 to the source of the transistor 110.

Similarly to the positive side transistor 110, a load resistor
220, a degeneration resistor 230, and wvariable current
sources 240 and 250 are connected to the negative side
transistor 210. The variable current source 250 1s connected
to flow a current through a source of the transistor 210
similarly to the variable current source 240, but 1s controlled
by a source voltage Vsl of the transistor 110. That 1s, the
variable current source 250 supplies a current in accordance
with the source voltage Vsl of the transistor 110 to the
source of the transistor 210.

That 1s, the variable current sources 150 and 250 causes
the transistors 110 and 210 to operate as cross-coupled
transistors. As a result, since the transistor to which a signal
in a reverse phase 1s mput 1s driven, and a current is
canceled, a transconductance gm 1s mversely subtracted and
becomes a constant value, and thus linearity 1s improved.

In addition, in the differential amplifier according to the
second embodiment, the degeneration resistors 130 and 230
and the variable current sources 140, 150, 240, and 250 are
connected to a current source 190.

Note that the transistors 110 and 210 are examples of first
and second transistors described 1n the claims. In addition,
the load resistors 120 and 220 are examples of first and
second loads described in the claims. In addition, the degen-
eration resistors 130 and 230 are examples of first and
second 1mpedance e¢lements described in the claims. In
addition, the variable current sources 140, 240, 150, and 250
are examples of first to fourth variable current sources
described 1n the claims.

FIG. 6 1s a diagram 1llustrating a first specific example of
the variable current sources 140, 150, 240, and 250 1n the
differential amplifier according to the second embodiment of
the present technology.

As 1n the above-described first embodiment, the first
specific example of the second embodiment includes a
transistor 141 and a resistor 142 as the variable current
source 140. In addition, as the variable current source 150,
a transistor 151 1s connected 1n parallel with the transistor
141. In addition, as the wvariable current source 240, a
transistor 241 and a resistor 242 are provided. In addition, as
the variable current source 250, a transistor 251 1s connected
in parallel with the transistor 241.

Note that each of the transistors 141, 151, 241, and 251 1s
an example of an additional transistor described 1n the
claims.

FIG. 7 1s a diagram 1illustrating a second specific example
of the variable current sources 140, 150, 240, and 250 1n the
differential amplifier according to the second embodiment of
the present technology.

As 1n the above-described first embodiment, the second
specific example of the second embodiment includes the
transistor 141, a capacitor 143, a resistor 144, and a bias
voltage source 145 as the variable current source 140. In
addition, as the variable current source 150, the transistor
151, a capacitor 153, a resistor 154, and a bias voltage source
155 are provided. In addition, as the varniable current source
240, the transistor 241, a capacitor 243, a resistor 241, and

a bias voltage source 245 are provided. In addition, as the
variable current source 250, the transistor 251, a capacitor
253, a resistor 254, and a bias voltage source 2535 are
provided.
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|Current Characteristics of Transistor]
FIG. 8 1s a diagram illustrating examples of current

characteristics of the transistor 110 according to the second
embodiment of the present technology.

In FIG. 8, a indicates a current characteristic of the
transistor 110 1n a case where the variable current sources
140 and 150 are not provided. When the input voltage Vin
1s away from 0 V, a current saturates and linearity deterio-
rates. The saturation of the current characteristic suppressed
by connecting the variable current source 140 controlled by
the source voltage Vsl and the variable current source 150
controlled by the source voltage Vs2 to the source of the
transistor 110.

In FIG. 8, b indicates a current characteristic of the
transistor 110 in a case where the variable current sources
140 and 150 are provided. An alternate long and short dash
line indicates a current driven by the transistor 110 1n the
case of a of FIG. 8 where the variable current sources 140
and 1350 are not provided. In addition, a dotted line indicates
a current driven by the variable current sources 140 and 150.
Thus, 1n the case where the variable current sources 140 and
150 are provided, these currents are added, and a current
flowing through the transistor 110 1s as indicated by a solid
line.

A case where the input voltage Vin 1s applied to a positive
side 1s considered. When a current of the transistor 110
increases, the source voltage Vsl increases. The variable
current source 140 1s set to start flowing a current when the
source voltage Vsl exceeds a certain threshold. A linear
region 1n which the transconductance gm 1s flat 1s increased
by causing the current of the varniable current source 140 to
start flowing with the current saturation of the transistor 110.

On the other hand, a case where the input voltage Vin 1s
applied to a negative side 1s considered. When a current of
the transistor 210 increases, the source voltage Vs2
increases. The variable current source 150 1s set to start
flowing a current when the source voltage Vs2 exceeds a
certain threshold. A linear region in which the transconduc-
tance gm 1s flat 1s increased by causing the current of the
variable current source 150 to start flowing with the current
saturation of the transistor 110.

Note that although the description has been given here by
focusing on the current characteristics of the transistor 110,
the same applies to current characteristics of the transistor
210.

As described above, 1n the second embodiment of the
present technology, 1n the differential amplifier, the variable
current sources 140 and 150 are connected to the source of
the transistor 110 and the variable current sources 240 and
250 are connected to the source of the transistor 210. With
this configuration, 1t 1s possible to expand a region that 1s
linearly driven without reducing gain.

3. Modification

| Circuit Configuration of Differential Amplifier]

FIG. 9 1s a diagram illustrating a modification of the
differential amplifier according to the second embodiment of
the present technology.

Although the varnable current sources 140, 150, 240, and
250 are connected to the current source 190 i the above-
described differential amplifier according to the second
embodiment, they are grounded in this modification.

FIG. 10 1s a diagram 1illustrating a first specific example
of the variable current sources 140, 150, 240, and 250 1n the
modification of the differential amplifier according to the
second embodiment of the present technology.
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The first specific example of this modification has a
similar configuration to the above-described first specific
example of the second embodiment, but 1s different in that
the resistors 142 and 242 are grounded.

FI1G. 11 1s a diagram 1illustrating a second specific example
of the variable current sources 140, 150, 240, and 250 1n the
modification of the differential amplifier according to the
second embodiment of the present technology.

The second specific example of this modification has a
similar configuration to the above-described second specific
example of the second embodiment. However, the second
specific example of this modification 1s different in that the
transistors 141, 151, 241, and 251 and the bias voltage
sources 145, 155, 245, and 255 are grounded.

As described above, according to the embodiments of the
present technology, 1t 1s possible to expand a region that 1s
linearly driven without reducing gain 1n an amplifier circuit.

With increase 1n communication capacity, the number of
communication systems with a high peak-to-average power
ratio (PAPR), such as long term evolution (LTE) and a TV
tuner, 1s expected to increase. Since the increase 1n PAPR
allects the maximum 1nput sensitivity of a receiver, an
amplifier with a wider dynamic range 1s required. In this
embodiment, a region 1 which the transconductance gm 1s
flat can be expanded without reducing gain, which contrib-
utes to lower power consumption of a highly linear receiver
that requires high gain. Furthermore, the transistor mserted
to improve linearity does not consume a direct current, but
consumes a current only when a signal having a large
amplitude 1s mput, so that power consumption does not
increase 1n a standby state or when a small signal 1s received,
thereby contributing to lower power consumption of the
receiver.

Note that the above-described embodiments indicate
examples for embodying the present technology, and the
matters in the embodiments and the matters specitying the
invention 1n the claims have a correspondence relationship.
Similarly, the matters specitying the invention in the claims
and the matters having the same names 1n the embodiments
of the present technology have a correspondence relation-
ship. However, the present technology 1s not limited to the
embodiments and can be embodied by making various
modifications to the embodiments without departing from
the gist of the present technology.

Note that the effects described in the present specification
are merely examples and are not limitative, and other effects
may be achieved.

Note that the present technology can also include the
tollowing configurations.

(1) An amplifier circuit including:

a transistor that amplifies an mput signal;

a load connected between the transistor and a power
supply:

an 1mpedance element that 1s connected between the
transistor and a ground terminal and passes a direct current;
and

a variable current source that 1s connected to a connection
part between the transistor and the impedance element and
supplies a current in accordance with a voltage of the
connection part.

(2) The amplifier circuit according to (1), 1n which

the transistor 1s a MOS transistor that amplifies the input
signal input to a gate and outputs the amplified input signal
to a drain,
the load 1s connected to the drain of the transistor,
the impedance element 1s connected to a source of the
transistor, and
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the vanable current source supplies a current 1n accor-
dance with a source voltage of the transistor to the source of
the transistor.

(3) The amplifier circuit according to (1) or (2), 1n which

the variable current source includes:

an additional transistor having a gate and a drain con-
nected to the connection part; and

a resistor connected between a source of the additional
transistor and the ground terminal.

(4) The amplifier circuit according to (1) or (2), in which

the vaniable current source includes:

an additional transistor having a drain connected to the

connection part;
a capacitor connected between the connection part and a

gate of the additional transistor;
a resistor having one end connected to the gate of the

additional transistor; and

a bias voltage source connected between another end of
the resistor and the ground terminal.

(5) The amplifier circuit according to any one of (1) to (4),
in which

the variable current source supplies the current in accor-
dance with the voltage of the connection part 1n a region
where a current supplied by the transistor starts to saturate
relative to the input signal.

(6) The amplifier circuit according to any one of (1) to (5),
in which

the impedance element 1s a resistance element.

(7) The amplifier circuit according to any one of (1) to (5),
in which

the impedance element 1s an inductor element.

(8) The amplifier circuit according to any one of (1) to (7),
in which

the load 1s a resistance element.

(9) An amplifier circuit including:

first and second transistors that amplify di
signals;

first and second loads respectively connected between the
first and second transistors and a power supply;

a current source having one end connected to a ground
terminal;

first and second impedance elements that are respectively
connected between the first and second transistors and
another end of the current source and pass a direct current;

a first vaniable current source that has one end connected
to a first connection part between the first transistor and the
first impedance element and supplies a current in accordance
with a voltage of the first connection part;

a second variable current source that has one end con-
nected to a second connection part between the second
transistor and the second impedance element and supplies a
current 1n accordance with a voltage of the second connec-
tion part;

a third variable current source that has one end connected
to the first connection part and supplies a current 1n accor-
dance with the voltage of the second connection part; and

a fourth varniable current source that has one end con-
nected to the second connection part and supplies a current
in accordance with the voltage of the first connection part.

(10) The amplifier circuit according to (9), 1n which

each of the first to fourth variable current sources has
another end connected to the another end of the current
source.

(11) The amplifier circuit according to (9) or (10), 1n
which

each of the first to fourth wvariable current sources
includes:

an additional transistor having a gate and a drain con-
nected to the connection part; and

.
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a resistor connected between a source of the additional
transistor and the another end of the current source.

(12) The amplifier circuit according to (9) or (10), 1n
which

cach of the first to fourth variable current sources
includes:

an additional transistor having a drain connected to the
connection part;

a capacitor connected between the connection part and a
gate of the additional transistor;

a resistor having one end connected to the gate of the
additional transistor; and

a power supply connected between another end of the
resistor and the another end of the current source.

(13) The amplifier circuit according to (9), 1n which

cach of the first to fourth vanable current sources has
another end connected to the ground terminal.

(14) The amplifier circuit according to (9) or (13), 1n
which

cach of the first to fourth variable current sources
includes:

an additional transistor having a gate and a drain con-
nected to the connection part; and

a resistor connected between a source of the additional
transistor and the ground terminal.

(15) The amplifier circuit according to (9) or (13), 1n
which

cach of the first to fourth variable current sources
includes:

an additional transistor having a drain connected to the
connection part;

a capacitor connected between the connection part and a
gate of the additional transistor;

a resistor having one end connected to the gate of the
additional transistor; and

a power supply connected between another end of the
resistor and the ground terminal.

REFERENCE SIGNS LIST

110, 210 Transistor

120, 220 Load resistor

130, 230 Degeneration resistor

140, 150, 240, 250 Variable current source
141, 151, 241, 251 Transistor

142, 144, 154, 242, 244, 254 Resistor
143, 153, 243, 253 Capacitor

145, 155, 245, 255 Bias voltage source
190 Current source

The 1nvention claimed 1s:

1. An amplifier circuit comprising:

a transistor that amplifies an mput signal;

a load connected between the transistor and a power
supply:

an 1mpedance element that 1s connected between the
transistor and a ground terminal and passes a direct
current; and

a variable current source that 1s connected to a connection
part between the transistor and the impedance element
and supplies a current in accordance with a voltage of
the connection part, the variable current source includ-
ng:

an additional transistor having a drain connected to the
connection part,

a capacitor connected between the connection part and a
gate of the additional transistor,
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a resistor having one end connected to the gate of the
additional transistor, and

a bias voltage source connected between another end of
the resistor and the ground terminal.

2. The amplifier circuit according to claim 1, wherein

the variable current source supplies the current in accor-
dance with the voltage of the connection part in a
region where a current supplied by the transistor starts
to saturate relative to the input signal.

3. The amplifier circuit according to claim 1, wherein

the impedance element 1s a resistance element.

4. The amplifier circuit according to claim 1, wherein

the impedance element 1s an inductor element.

5. The amplifier circuit according to claim 1, wherein

the load 1s a resistance element.

6. An amplifier circuit comprising:

first and second transistors that amplify di
signals;

first and second loads respectively connected between the
first and second transistors and a power supply;

a current source having one end connected to a ground
terminal;

first and second impedance elements that are respectively
connected between the first and second transistors and
another end of the current source and pass a direct
current;

a first vaniable current source that has one end connected
to a first connection part between the first transistor and
the first impedance element and supplies a current 1n
accordance with a voltage of the first connection part;

a second variable current source that has one end con-
nected to a second connection part between the second
transistor and the second impedance element and sup-
plies a current 1n accordance with a voltage of the
second connection part;

a third variable current source that has one end connected
to the first connection part and supplies a current in
accordance with the voltage of the second connection
part; and

a fourth varniable current source that has one end con-
nected to the second connection part and supplies a
current 1n accordance with the voltage of the first
connection part, wherein

cach of the first to fourth variable current sources has
another end connected to the another end of the current
source.

7. The amplifier circuit according to claim 6, wherein

cach of the first to fourth wvariable current sources
includes:
an additional transistor having a gate and a drain

connected to the connection part; and
a resistor connected between a source of the additional
transistor and the another end of the current source.
8. The amplifier circuit according to claim 6, wherein
cach of the first to fourth variable current sources
includes:
an additional transistor having a drain connected to the
connection part;

a capacitor connected between the connection part and
a gate of the additional transistor;

a resistor having one end, connected to the gate of the
additional transistor; and

a power supply connected between another end of the
resistor and the another end of the current source.

9. The amplifier circuit according to claim 6, wherein

cach of the first to fourth variable current sources has the
another end connected to the ground terminal.

.
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10. The amplifier circuit according to claim 6, wherein
cach of the first to fourth variable current sources
includes:
an additional transistor having a gate and a drain
connected to the connection part; and
a resistor connected between a source of the additional
transistor and the ground terminal.
11. The amplifier circuit according to claim 6, wherein
cach of the first to fourth variable current sources
includes:
an additional transistor having a drain connected to the
connection part;
a capacitor connected between the connection part and
a gate ol the additional transistor;
a resistor having one end connected to the gate of the
additional transistor; and
a power supply connected between another end of the
resistor and the ground terminal.
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